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2Boltzmann $(\mathrm{M}\mathrm{D})_{\text{ } }$
$—$ $f(c, x, t)$ $x=(x, y, z)\text{ }$
$t$ $C=(CCx’ y’ zC)$ $F$
Boltzmann
$\frac{\partial f}{\partial t}+c\frac{\partial f}{\partial x}+F\frac{\partial f}{\partial c}=\frac{\partial_{e}f}{\partial t}$ (1)
\triangle t
$f(c,x+c \triangle t,t+\triangle t)-f(C, x, t)=\triangle t\frac{\partial_{e}f}{\partial t}$ , (2)
Boltzmann
( $F\neq 0$ ) \triangle t\rightarrow O Boltzmann (1)
( [3]) (2) $x+c\triangle tarrow X$





$\nu=\frac{1}{\mu}p$, (collision frequncy, $\mu$ : ), $f \mathrm{o}=\frac{\rho}{(2\pi RT)^{n/2}}e-c^{2}/2RT$ ,
$C=$ c-u, $C=|C|,$ $\rho=\rho(x, t)=\int fd\mathrm{c}$ , $u=u(X, t)= \overline{\rho}\perp\int Cfdc$ ,
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$T=T(x, t)= \frac{1}{\rho}\int\frac{2}{n}C^{2}fdc$ ,
$\mathrm{n}=2$ (2 Coplanar) $\text{ }\mathrm{n}=3$ ( $3$ ) $0$
$\mathrm{D}\mathrm{B}\mathrm{E}$ ( $\mathrm{D}\mathrm{i}_{\mathrm{S}\mathrm{c}}\mathrm{r}\mathrm{e}\mathrm{t}\mathrm{e}\mathrm{B}_{\mathrm{o}1\mathrm{n}\mathrm{n}}\mathrm{t}\mathrm{Z}\mathrm{m}\mathrm{a}$ Equation) [1]:
$\frac{\partial_{e}f}{\partial t_{j}}=\frac{1}{I\mathrm{i}_{n}^{r}}\sum_{j=1}^{r}\frac{|c_{i}-Cj|}{m_{0}}\sum_{(k,\iota)}(FkF_{l}-F_{i}Fj)$, $i=1,2,$ $\ldots,$ $r$
$F_{i}=F_{i}(x, t)=f(c_{i}, X, t)$
H \triangle K $m_{0}$
BGK
$f(c,x, t+\triangle t)=\triangle t\cdot\nu(X, t)f0(C,X, t)+[1-\triangle t\cdot\nu(x, t)]f(C,x-c\triangle t, t)$ , (4)
$f_{0}= \frac{\rho}{(\pi T)^{n/2}}e^{-C^{2}/\tau},$ $C=c-u$ , $C=|C|$ , $\rho=p(x, t)=\int fdc$ ,
$u=u(x, t)= \frac{1}{\rho}\int cfdc,$ . . $T=T(x, t)= \frac{1}{\rho}\int\frac{1}{n}C^{2}fdc$ , $n=2,3$
DBE




$t$ $u=(u, v, w)$
$u=$ Acosaxsin by sin cz,
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$v=$ Bsin ax cos by sin cz, Aa+Bb+Ccl)( $divu=0$),






po0 $\tau_{00}$ Maxwell $f\mathrm{o}0$ f
$f(C, X, 0)=f_{00}$
$f_{oo}$ –
$u_{0\text{ }}=(u_{00}, v00, w00)_{\text{ }}\rho 00\text{ }\tau_{00}$ $2\mathrm{D}(2$ coplanar
gas [6] $)$ $3\mathrm{D}$ ( $3$ )
$2 \mathrm{D}:f_{0}0=\frac{\rho_{00}}{\pi T_{00}}e^{-c^{2}/}T00$ , $C=c- u\mathrm{o}\mathrm{o}$ ’
$u_{00}=(A\mathrm{s}\mathrm{i}n2\pi x\cos 2Ty, Bc\mathrm{o}\mathrm{s}2Tx\sin 2_{T}y)$ , (7)
$\rho_{00}=1+C\sin 2\pi X\sin 2\pi y$ ,
$T_{00}=1+D\mathrm{c}\mathrm{o}s2\pi X\cos 2\pi y$ ,
$3 \mathrm{D}:f_{0}0=\frac{p_{00}}{(\pi T_{00})^{3}/2}e^{-c^{2}/T00}$ , $C=c- u\mathrm{o}0$ ’
$u_{00}=Ac\mathrm{o}\mathrm{s}2\pi Xs\mathrm{i}n2$
.
$\pi ys\mathrm{i}\mathrm{n}2\pi Z$ ,
$V_{00}=Bs\mathrm{i}\mathrm{n}2\pi X\mathrm{c}\mathrm{o}s2\pi ys\mathrm{i}\mathrm{n}2\pi Z$ ,
$w_{00}$ $–Cs\mathrm{i}\mathrm{n}2\pi xs\mathrm{i}\mathrm{n}2\pi yc\mathrm{o}\mathrm{s}2\pi z$ , (8)
$\rho_{00}$ – 1+’ $Ds\mathrm{i}\mathrm{n}2\pi xs\mathrm{i}\mathrm{n}2\pi y\sin 2\pi Z$ ,
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$T_{00}=$ $1+E\mathrm{c}\mathrm{o}s2\pi X\cos 2\pi y\cos 2\pi z$ ,
$\mathrm{A},\mathrm{B},\ldots$E,,F
$2\mathrm{D}$ $(0\leq x, y\leq 1)_{\text{ }}3\mathrm{D}$
$(0\leq\cdot x, y, z\leq 1)$
$f(x, y)(2\mathrm{D})$ $f(x, y, z)(3\mathrm{D})$
$2\mathrm{D}$ : . $f(x+1, y+1)=f(X, y)$ ,





$2\mathrm{D}$ $3\mathrm{D}$ (9) $t=0$
(7) (8) (4) $(5)$ \triangle t
$2\mathrm{D}$
(2-1) $A=0.5,$ $B=-0.4,$ $C=D=0.1$ ,
(2-2) $A=1.5,$ $B=-1.0,$ $C=D=0.2$
– $T=T_{0}$
(2-1) $s\mathrm{u}\mathrm{b}S\mathrm{o}\mathrm{n}\mathrm{i}\mathrm{c}_{\text{ }}(2- 2)$ supersonic
$3\mathrm{D}$
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(3-1) $A=0.5,$ $B=C=-0.2,$ $D=F=0.\mathrm{O}1$
$x$ $c$
$f=0$ \triangle x,.., $\triangle c_{x},.$ .
\triangle $10^{-4}$ ( – )
$5\cross 10^{-}4$ $t\sim 1$
$1_{\text{ }}2$ 1 $2\mathrm{D}$
(2-1) $I\{_{n^{=}}^{-}0.01$ ( $x$ $100\cross 100$ $c$ -6 $\leq$ $c_{x},$ $c_{y}\leq 6$ $24\cross 24$ )
[6] 1 $(\mathrm{a})-(\mathrm{d})$
(a) $t=0$ $(\mathrm{b})_{\text{ }}(\mathrm{c})_{\text{ }}$ (d) $t=0.1$
(b.) $\mathrm{B}\mathrm{G}\mathrm{K}_{\text{ }}(\mathrm{c})$ DBE (d)
Navier-Stokes DNS
$R_{e}$ $R_{e}\sim 1$ 100 - $1-(\mathrm{e})$
$y=0.5$ $1-(\mathrm{f})$
$E(k)$ $k$
2 $3\mathrm{D}(3- 1)$ $I\iota_{n}^{\nearrow}=0.1$ ( $x$ $20\cross 20\mathrm{X}20$ $c$ -4 $\leq$
$c_{x},$ $c_{y},$ $cz\leq 4$ $8\cross 8\cross 8$ ) $2-(\mathrm{a})\text{ }(\mathrm{b})_{\text{ }}(\mathrm{c})$ $z=0.5$
$t=0_{\text{ }}0.1_{\text{ }}0.\cdot-3$ $2-(\mathrm{d})$
-
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1 (2 D)
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$(\not\subset=0.5 )$
$(\partial)\mathrm{f}=0$
(d) Energy SPectrum
$(|.))\{=0.1$
2 $\mathrm{t}3\mathrm{D}1$
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